This paper explores the relationship between trade openness and energy consumption using data of 91 high, middle and low income countries. The study covers the period of 1980-2010. We have applied panel cointegration and causality approaches for long run and causal relationship between the variables.
Introduction
Trade liberalization has affected the flow of trade (goods and services) between developed and developing countries. The Heckscher-Ohlin trade theory reveals that under free trade, developing countries would specialize in the production of those goods that are produced by relatively abundant factors of production such as labor and natural resources. Developed countries would specialize in the production of those goods that are produced by human capital and manufactured capital-intensive activities. Trade openness entails movement of goods produced in one country for either consumption or further processing to other country. Production of those goods is not possible without the effective use of energy. Trade openness affects energy demand via scale effect, technique effect and composite effect. Other things being same, trade openness increases economic activities, thus stimulate domestic production and hence economic growth. A surge in domestic production reshapes energy demand because of expansion in domestic production commonly refers as scale effect. Such scale effect is caused by trade openness. Economic condition of the country and extent of relationship between economic growth and trade openness determine the impact of trade openness on energy consumption (Shahbaz et al. 2013; Cole, 2006) . Trade openness enables developing economies to import advance technologies from developed economies. The adoption of advanced technology lowers energy intensity. The economic consequences of advance technologies implementations consume less energy and produce more output that is usually referred as technique effect (Arrow, 1962) . Composite effect reveals that with the use energy intensive production as economic development i.e. shift from agriculture to industry. In initial stages of economic development, since economy is based largely on agriculture sector, thus the use to energy consumption is relatively less. As economy starts shifting from agriculture to industry, the use of energy consumption increases. Arrow (1962) calls it positive composite effect. Finally, following maturity stage of economic development, shifts in industry to service consume less energy consumption which implies that energy intensity is lowered because of composite effect.
Energy affects trade openness via various channels. Firstly, energy is an important input of production because machinery and equipments in the process of production require energy.
Secondly, exporting or importing manufactured goods or raw material requires energy to fuel transportation. Without adequate energy supply, trade openness will be adversely affected. Consequently, energy is an important input in trade expansion and adequate consumption of energy is essential to expanding trade via expanding exports and imports. The relationship between trade openness and energy consumption is important. If energy plays its key role to flow exports or imports then any policies aiming at reduction energy consumption such as energy conservation policies will negatively impact the flow of exports or imports and hence, reduce the benefit of trade openness. The bidirectional causal relationship between trade openness and energy consumption suggests in adopting energy expansion policies because energy consumption stimulates trade openness and as result, trade openness affects energy consumption (Sadorsky, 2011 ). The energy conservation policies will not have an adverse effect on trade openness if causality is running from trade openness to energy consumption or neutral effect exists between trade openness and energy consumption (Sadorsky, 2011) .
Energy consumption in the world increases parallel to technological development, increase in trade and population growth. The world average energy consumption was 1454 Kg of oil equivalent per capita in 1980 while the amount increased to 1852 Kg of oil equivalent per capita 4 in 2010 (see Figure-1 ). According to American Energy Information Administration (EIA) and to the International Energy Agency (IEA), the worldwide energy consumption will on average continue to increase by 2% per year. The volume of merchandize trade among countries has been rapidly increasing for last two decades due to globalization. Global merchandize trade (exports plus imports of goods) was US$ 3.8 trillion in 1980 but it is amounted to US$ 37 trillion in 2010 (see Figure-2 ). The rest of the paper is organized as follows: section 2 gives a brief review of empirical studies, section 3 presents the methodology and data source, section 4 presents the results and discussion and section 5 gives the review the conclusion and policy implications.
Literature Review
There is an extensive literature available on the relationship between economic growth and energy consumption. Energy consumption is an important factor of production like capital and labor and it affects economic growth. After the end of 1970s energy crisis, many studies (e.g. 
LLC Unit Root Test
Levin et al. 1. Implement a separate ADF regression for each country:
The lag order p i is allowable to across individual countries. The appropriate lag length is chosen by allowing the maximum lag order and then uses the t-statistics for ij b to determine if a smaller lag order is preferred.
2.
Run two separate regressions and save the residuals 1 ,
LLC procedure suggests standardized the errors
by the regressing the standard error the ADF equation provided above:
3. Regression can be run to compute the panel test statistics following equation-5:
The null hypothesis is as follows:
and alternate hypothesis is
IPS Unit Root Test
Im, Pesaran and Shin (IPS), (2003) 
After the ADF regression has different augmentation lags for each country in finite samples, the 
where t i t , is the ADF t-statistics for the unit root tests of each country and i P is the lag order in the ADF regression and test statistic can be calculated as following: of all these tests is that each series contains a unit root and thus is difference stationary. However, the alternative hypothesis is not clearly specified. In LLC the alternative is that all individual series in the panel are stationary. In IPS the alternative is that at least one of the individual series in the panel is stationary. They conclude that the "presence or absence of power against the alternative where a subset of the series is stationary has a serious implications for empirical work. 
MW Unit Root Test
The Fisher-type was developed by Maddala and Wu, (1999) which pools the probability values obtained from unit root tests for every cross-section i. This is a non-parametric test and has a chisquare distribution with 2 nd degree of freedom where n is number of countries in a panel. The test statistic is given by:
Where, i p is probability value from ADF unit root tests for unit i. 
Finally, modified version of above equation is defined as: 
is needed for each of the individual test statistic to converge to its asymptotic distribution, while   N is needed for the central limit theorem.
Panel Causality Test
Hurlin and Venet, (2001) extended the Granger (1969) causality test for panel data models with fixed coefficients. The estimable equation for empirical estimation is modeled as following:
With PN* and
, where 
Homogenous Non-Causality Test
Initially the homogenous non-causality (HNC) hypothesis has been discussed. Conditionally to the specific error components of the model, this hypothesis assumes no prevalence of any individual causality association:
In equation-15, the corresponding test 3 is defined by:
In order to test these p N linear restrictions, for this Wald Statistic employed:
Where, RSS 2 indicates the restricted sum of squared residual obtained under H 0 and RSS 1 corresponds to the residual sum of squares of equation-15. If the realization of this statistic is not significant, the homogeneous non-causality hypothesis is accepted. This result implies that the variable X is not causing Y in finite sample set in all countries. The non-causality result is then totally homogenous that stops for further empirical exercise.
Homogenous Causality Test
Secondly, homogenous causality (HC) hypothesis takes place, in which there exist N causality relationships:
In this case, suppose that the N individual predictors, obtained conditionally to
and i  , are the same:
Two configurations could appear, if we reject hypothesis of non-homogenous causality. The first one corresponds to the overall causality hypothesis (homogenous causality hypothesis) and occurs if all the coefficients 
where, RSS 3 corresponds to the realization of the residual sum of squares obtained in equation-15 when one imposes the homogeneity for each lag k of the coefficients associated to the
degrees of freedom is not significant, the homogenous causality hypothesis is accepted. This result implies that the variable X is causing Y in the N countries of the samples, and that the autoregressive processes are completely homogenous.
Heterogeneous Causality Test
Third case is relevant to the heterogeneous causality hypothesis. Under HEC hypothesis, it is assumed that it exists at least one individual causality relationship (and at the most N), and second that individual predictors, obtained conditionally to
, and,
Heterogeneous Non-causality Test
Finally, heterogeneous non-causality hypothesis assumes that there exists at least one and at the most N1 equalities of the form:
The third step of the procedure consists in testing the heterogeneous non-causality hypothesis (HENC). In doing so, the mechanism is given below: (27) where, RSS 2,i corresponds to the realization of the residual sum of squares obtained in model (15) , when one imposes the nullity of the k coefficients associated to the variable x i,tk only for the individual i. A second test of the procedure consists in testing the joint hypothesis that there is no causality relationship for a sub-group of individuals. Let us respectively denote I c and I nc the index sets corresponding to sub-groups for which there exists a causal relationship and there does not exist a causal relationship. In other words, we consider the following model t  [1, T]: for the n nc individuals of the I nc sub-group. If the HENC hypothesis is accepted, it implies that there exists a sub-group of individual for which the variable x does not cause the variable y. The dimension of this sub-group is then equal to n nc . On the contrary, if the HENC hypothesis is rejected, it implies that there exists a causality between x and y for all individual of the panel.
Data and Data Sources
The 91 countries are selected for the estimation of causality between energy consumption and trade openness on the basis of data availability 4 
Empirical Results and their Discussions
The results of ADF unit root test in the presence of intercept and, intercept and trend reported in Table- The results are reported in Table-4 . We find that maximum likelihood ratio i.e. 5.9035 is greater than critical value at 1% level of significance. This leads us to reject the null hypothesis of no panel cointegration between the variables. We may conclude that the panel cointegration exists between trade openness and energy consumption in sampled countries. The Table-5 show that trade openness affects energy consumption in high, middle and low-income countries. In highincome countries, we find that the relationship between trade openness and energy consumption is inverted U-shaped. This implies that initially trade openness is positively linked with energy consumption and after a threshold level, it declines energy demand due to adoption of energy efficient technology. This indicates that a 1 percent increase in trade openness raises energy demand by 0.860 percent and negative sign of nonlinear term of trade openness corroborates the delinking of energy consumption as trade openness is at optimal level. In case of middle and low income countries, relationship between trade openness and energy consumption is U-shaped which reveals that trade openness decreases energy consumption initially but energy consumption is increased with continues process of trade openness. In middle-income countries, trade openness stimulates industrialization, which raises energy demand (Cole, 2006) . It is argued by Ghani, (2006) that low-income countries are unable to reap optimal fruits of trade liberalization because these economies are lacking in utilizing energy efficient technology to enhance domestic production. The presence of cointegration between the series leads us to investigate the direction of causality.
In doing do, we have applied homogeneous and non-homogenous panel causality and results are reported in Table-6 . The results of non-homogenous causality reveal the feedback hypothesis 6 Hausman test indicate that PMG model is preferred over PG model 7 A graph is provide in Appendix for high income countries between trade openness and energy consumption as bidirectional causal relationship is confirmed between both the series. We find that trade openness Granger causes energy consumption confirmed by homogeneous causality (see Table- would not helpful in policymaking point of view and leads us to apply homogenous and nonhomogenous causality approach using data of low, middle and high-income countries. This will not only help us in obtaining results region-wise but also enable us to design a comprehensive trade and energy policy for sustained economic growth and better living standard. In doing so, we have investigated the homogenous and non-homogenous causal relationship separately for high, middle and low-income countries. The results are reports in Table-7 . In high income countries, non-homogenous causality reports the unidirectional causality running from trade openness to energy consumption but feedback effect is confirmed by homogenous causality between both variables. The relationship between trade openness and energy consumption is bidirectional for middle and low-income countries confirmed by homogenous and nonhomogenous causality approaches. 
Concluding Remarks and Future Directions
This paper explores the relationship between trade openness and energy consumption using data of 91 heterogeneous (high, middle and low income) countries over the period of 1980-2010. In doing so, we have applied time series as well as panel unit root tests to examine the integrating properties of the variables. Similarly, to examine cointegration between the variables, we have applied single country as well as panel cointegration approaches. The homogenous and nonhomogenous causality approaches are applied to examine the direction of causality between the variables in high, middle and low-income countries. Heterogeneous causality approach has also been applied to examine between trade openness and energy consumption at country level analysis.
Our results indicated that our variables are integrated at I(1) confirmed by time series and panel unit root tests and same is inference is drawn about cointegration between trade openness and energy consumption. The pooled mean group estimation analysis reveals an inverted-U shaped relationship in high income countries and vice versa in middle and low income countries. The causality analysis confirms the existence of feedback effect between trade openness and energy consumption in middle and low income countries but bidirectional causality is confirmed by homogenous causality approach in high income countries but non-homogenous causality approach indicates unidirectional causality running form trade openness to energy consumption.
Heterogeneous causality exposes that in 18% of sampled countries, the feedback effect exists while 24% show that trade openness causes energy consumption. A 24% sample countries show that trade openness causes energy consumption and rest of sample countries confirms the presence of neutral effect between trade openness and energy consumption.
Overall, our results expose that the feedback effect exists between trade openness and energy consumption, which suggests in exploring new and alternative sources of energy to reap optimal fruits of trade. Trade openness stimulates industrialization that in resulting affects economic growth. This channel of trade affects energy demand via economic growth. Similarly, insufficient energy supply impedes economic growth, which affects exports as well as imports, and as results energy consumption will be declined. Trade openness also is a source of transferring advanced technologies i.e. energy efficient technology from developed countries to developing economies. Our findings confirm that the relationship between trade openness and energy consumption is U-shaped. This suggests that middle and low-income countries should import energy efficient technologies from developed economies to lower energy intensity. This will not be possible if developed countries do not promote those technologies and lower profits for countries, which do not have access to required amounts of capitals. Further, if this situation is founded, it will have a global positive impact as it will save natural resources for future generations and it will reduce environmental pollution. 
